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Abstract Smallholder farmers’ knowledge and practice of
dairy calf management on 129 farms with calves less than
10 months of age in Southeastern and Southern Highland
areas of Tanzania was assessed. The method of study
included both a farm visit and completion of a question-
naire. Most of the farmers were female, with a primary
level of education, and majority kept 1–3 milking cows that
yielded 6–10 l milk/cow/day. Most of the calves were fed
milk using a residual calf suckling system. Weaning age
was 3–8 months. Overall, the body condition of the calves
was poor, ranged from 1 to 2.5 with a mode of 2. The
majority of the farmers believed that helminthosis was the
most common disease condition affecting the calves;
diarrhea was ranked as the second. Calf death was reported
by 20% of the farmers to have occurred in their herd lasting
the 2 years prior to the study. Calf body condition score was
related to body weight for calves younger than 9 weeks, and
older than 23 weeks of age, whereas no such relationship
existed in the age group 9 to 23 weeks. The sex distribution
was skewed with less male calves being older than 23 weeks.
We hypothesize that male calves experience inferior
management compared with female calves. This study
demonstrates a low level of knowledge on, and poor
practices of calf management among the surveyed farmers
that suggest the need for educational intervention.
Keywords Body condition score.Calf health.
Smallholder dairy farmers.Residual calf suckling
Introduction
The smallholder dairy production system is an important
component of rural livelihood transformation in Tanzania.
Farmers usually keep a small number of cattle indoors; the
average herdconsists of3–9crossbredcows (European dairy
cattle × Shorthorn Zebu). The system provides food and
income for rural smallholder dairy farmers. However, many
farmers experience suboptimal production. The reasons for
this are multifactorial; among them are poor livestock
management and disease. High levels of calf mortality have
limited dairy herd expansion and genetic improvement. In
the tropics, mortality rates vary depending on management
and severity of draft. The few studies on calf mortality on
smallholder farms in Tanzania show mortality that range
from 9% to 45% (Shoo et al. 1992; Masanja and Matovelo
1993; Chenyambuga and Mseleko 2009).
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the general profitability of calf rearing enterprises. In young
stock, a good nutritional strategy optimizes rumen
development and growth while minimizing stress and
disease. Livestock housing conditions greatly affects health
and productivity. A relationship between housing and
health during the rearing period has been described by
several authors (Gitau et al. 1994; Wudu et al. 2008).
Cleanliness of the barn influences calf health, as calves
housed in unclean barns are at higher risk of disease than
calves housed in clean barns (Wudu et al. 2008).
Gastrointestinal helminthes are important pathogens
which affect young livestock in many tropical and
subtropical environments (Keyyu et al. 2005, 2006).
Treatment with anthelminthics administered 2–4 times a
year, depending on climate and management practices, has
been recommended for helminth control (Keyyu et al. 2005,
2009). Diarrhea is one of the most important constraints in
food animal production (Lema et al. 2001). Its prevalence
appears to be management related especially when calves
are housed in unhygienic conditions (Wudu et al. 2008).
Diarrhea may be nutritionally induced or caused by
infectious agents (viruses, bacteria, fungi, or protozoa).
Cryptosporidia is among the protozoa which cause diarrhea,
retarded growth, and death in calves. In Tanzania, a
previous study revealed the prevalence of cryptosporidiosis
to be 19.7% in smallholder dairy cattle (Swai et al. 2007)
and 1.5% of giardia (Kusiluka et al. 2005).
Good calf rearing is important as it ensures availability of
good future replacement stock. In Tanzania, calves in most
smallholderdairyfarmsarenotperformingwell.Mostfarmers
do not have enough knowledge on proper calf-feeding
regimes. Apart from that, farmers aim to optimize income by
selling more milk and calves are, therefore, underfed. This is
more serious in bull calves, resulting lack of bulls in
smallholder farms. However, studies conducted on calf
managementand the impactmanagementhas onthese calves’
health in smallholder farms in Tanzania are very few.
Hence, the primary objective of the present study was to
examine the health and performance of dairy calves on
smallholder farms in Tanzania. Secondary objectives were:
(1) to determine the level of farmers’ knowledge and to
establish current calf management practices, (2) to assess
relationships between single parameters at calf level, and
variance components at herd, village, and district levels.
Materials and methods
Farms and animals
This study was conducted in Mvomero in Southeastern and
Njombe in the southern highlands of Tanzania. Mvomero
district has a typical tropical climate with biannual rainy
and dry seasons. The long rainy season ranges from mid-
February to May and the short rainy season from November
to December. The altitude ranges from 380 to 520 m above
sea level with an annual rainfall of 1,500–2,000 mm, and
the temperature ranges 15–29°C. Njombe district has an
altitude between 1,600 and 1,800 m above sea level, annual
rainfall of 1,000–1,600 mm, temperature ranges 12–23°C,
and the rainy season is from December to April. The 14
villages included in the study were Lungo, Manyinga,
Lusanga, Hembeti, Dihombo, Kichangani and Mhonda in
Mvomero and Lunywanywi, Mji mwema, Ibumila,
Kichiwa, Itulike, Itunduma, and Mtwango in Njombe. Most
of the villages were under the Program for Agricultural and
Natural Resource Transformation for Improved Livelihoods
project, which aimed to develop an integrated and
sustainable dairy production system. Farms with calves
less than 10 months of age during the farm visit were
included in the study, given a total of 129 smallholder dairy
farms and 151 calves. Milk production was the major
purpose of keeping the dairy cattle on the study farms.
Questionnaire survey
A questionnaire which composed of questions on farm data
and calf management was used. The questionnaire was pre-
tested in a pilot study and modified before the main survey.
The questions included the gender and education back-
ground of the responsible personnel, size of the farm, calf
rearing practices, feeding and housing of the animals,
disease incidence, and disease-control practices (Tables 1
and 2). Information on cow milk production, as well as the
breed and age of calves were also recorded.
Calf management
During the farm visits by the study veterinarian (1st
author), an observational assessment of the housing and
hygiene was performed. This included making an assess-
ment of the condition of the barn floor (presence of
potholes, drainage system, and accumulation of cows’
dung) and general hygiene in calf house and its surround-
ings. Housing hygiene was graded from 1 to 4 (1=very
clean, 4=very poor; Table 2). The feeds that were available
to the calves were evaluated according to the type of forage.
Different species from the forage bundles were separated
and identified. The feed supplements fed were also
identified.
Clinical examination
Clinical examinations were performed in a routine
manner. The calves’ heart girths were measured using
1670 Trop Anim Health Prod (2010) 42:1669–1676a tape measure. This measure was then used to estimate
the bodyweight using a formula obtained by correlating
the bodyweight with measurements of the heart girth of
about 120 crossbred dairy calves between 1 and
9 months of age at Magadu, Animal Science and
Mazimbu University dairy farms prior the study. The
formula used was Bodyweight [kg] = (Heart girth [cm]
– 67.07)/0.4. Body condition score (BCS) was assessed
according to Wildman scale (Wildman et al. 1982),
which composed of a 1–5 scale, with 0.5 point increments.
The calves were either Friesian (n=82) or Ayrshire (n=69)
crosses.
Statistical analyses
The statistical software package, STATA 10 was used for
the following statistical analyses: The continuous variable
age was categorized in three age categories (0–8, 9–23, and
24–42 weeks) with approximately the same number of
calves in each group. The distribution of sexes within each
age group was assessed in simple univariate analyses using
the Chi-squared test.
BCS was assigned to 126 of the calves with 42, 44,
and 40 calves in the age groups 0–8, 9–23 and 24–
42 weeks, respectively. The relationship between BCS and
bodyweight was assessed separately for each age group
using ordinary simple linear regression. The difference in
BCS between male and female calves was evaluated in a
simple univariate analysis using one-way analysis of
variance (ANOVA). Similarly, BCS differences between
Friesian and Ayrshire crosses were assessed using
ANOVA.
For the assessment of the BCS variance components at
region, herd and animal level, mixed model analyses
(xtmixed) approach in STATA was used. BCS was the
continuous outcome variable, and district, village and farm
was included as random effect variables in the model.
Statistical significance was considered with a P value less
than 0.05 in all models.
Results
Farms and animals
Out of the 129 smallholder dairy farmers, 108 (84%) had
received primary school education, and 72 (56%) were
female (Table 1). The number of cows on the farms was 1–
3 in 78 (60%), 4–6 in 46 (36%) or 7–9 in five (4%) of the
farms. The average milk yield per cow per day as reported
by the farmers was 1–5 l in 17 (13%) of the farms, 6–9li n
81 (63%), and more than 9 l in 31 (24%) of the farms.
Calf management
Calves were housed separately away from adult animals on
120 (93%) of the farms. The milk feeding regimen on the
farm varied between bucket/bottle and residual suckling of
the dam. Most farmers, 107 (83%), practiced a residual calf
suckling feeding system (Table 2). All farmers fed their
calves twice daily, except one who fed three times a day.
Most farmers treated their animals against parasites every
three months, the preferred anthelmintics were albendazole,
which was used by 99 (77%) and levamizole 30 (23%).
Weaning age ranged between 3 and 8 months. Most farmers
provided their calves with poor quality food mainly natural
grasses and dry crop residues. Only a few provided maize
bran in addition to grass, none of the farmers provided
protein supplements. Helminthes was reported by the
farmers to be the most commonly occurring disease
condition amongst the calves; diarrhea was ranked as the
second.
On 27 (21%) of the farms, at least one calf had died
during the past 2 years. Farmers’ perceptions of the cause
of death were wide-ranging including diarrhea, helminthes,
pneumonia, East Coast fever (ECF), bloat, food poisoning,
sudden death, and unknown cause.
Altogether, 151 calves were surveyed. The age of the
calves ranged from 1–42 weeks with a median age of
17 weeks. The calves were unevenly distributed by sex; 89
Table 1 Education level and gender of responsible person on 129 smallholder dairy farms in Tanzania
Variable Category Mvomero (n=53) Njombe (n=76) Total number Percent
Education level No formal education 3 2 5 4
Primary school 38 70 108 84
Secondary school 10 4 14 11
University 2 0 2 1
Gender Shared responsibility 2 3 5 4
Female 32 40 72 56
Male 19 33 52 40
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Category
Number of calves on the farm 1 110 85
21 6 1 3
33 2
Type of milk-feeding regimen Bucket/bottle 22 17
Residual calf sucking 107 83
Frequency of feeding milk Three times a day 1 1
Twice a day 128 99
Weaning age 3 to 4 months 91 70
5 to 6 months 29 23
7 to 8 months 9 7
Stall type Free stall 120 93
Individual pen 9 7
Floor type Flat 80 62
Slope 49 38
Frequency of cleaning Once daily 97 75
Twice per day 23 18
Twice per week 7 5
Weekly 2 2
Housing hygiene Very clean 16 12
Clean 50 39
Poor 41 32
Very poor 22 17
Use of anthelmintics No 14 11
Yes 115 89
Frequency of deworming Never 14 11
Once monthly 5 4
Every second month 3 2
Every 3 months 90 70
Every 4 months 5 4
Every 6 months 10 8
Once yearly 2 1
Farmers’ perception of the most common disease None 63 49
Helminthes 38 29
Diarrhea 22 17
East Coast fever 3 2
Coughing 2 2
Pneumonia 1 1
Calf mortality the past 2 years No 102 79
Yes 27 21
Farmers’ perception of the None 102 79
Most common cause of calf death East Coast fever 4 3
Bloat 1 1
Diarrhea 5 4
Food poisoning 2 2
Helminthes 1 1
Pneumonia 4 3
Sudden death 2 1
Unknown cause 8 6
Table 2 Management factors in
129 smallholder dairy farms in
Tanzania as given in a
questionnaire survey
1672 Trop Anim Health Prod (2010) 42:1669–1676(58%) were female and 62 (42%) were male. There was an
association between the male: female ratio when divided by
age category (Pearson Chi square=2.13, P=0.02). The sex
distribution in the three age groups is displayed in Fig. 1.
Clinical findings
BCS was assigned to 126 calves and ranged from 1 to 2.5
with a mode of 2. The association between BCS and weight
is displayed separately for the three age strata in Table 3.
There is a linear relationship between BCS and bodyweight
for the lowest and highest age group, but no such
relationship could be found for calves aged between 9 and
23 weeks. A relatively high proportion of the variance in
BCS (35%) could be explained by the regression on weight
for the youngest strata whereas 2% and 19% of the
variation in BCS could be explained by weight for calves
between 9–23 and 24–42 weeks of age, respectively.
BCS was not significantly different between the sexes in
any of the age groups. However, female calves aged over
23 weeks tended to have a higher BCS than their male
counterparts (P=0.08) with a mean BCS of 1.91(S.E. 0.06)
and 1.69 (S.E. 1.11), respectively. No difference in BCS
was found between Ayrshire and Friesian crossbred calves.
The assessment of variance components of BCS on
district, village, and animal level showed that 96% of the
variance resided at farm level, and 4% was due to
differences between villages (Table 4).
Discussion
The study revealed that the majority of the responding
farmers were female, and they were mostly involved in the
enterprises. This indicates that smallholder dairy farming
provides self-employment to women and, therefore, con-
tributes to the alleviation of poverty in this particular group.
A reason for this could be the results of women supportive
nongovernmental organizations (NGOs) which have in-
creased support to rural women in agriculture since the
1990s. For instance; in Mvomero, the introduction of
crossbred dairy cows was initiated in 1993 by the
foundation for sustainable rural development, a locally
based NGO, through the Heifer-in-Trust scheme. The aim
was to train farmers about dairy production and enable
farmers, particularly women, to acquire the means of
production and so income.
Although total output may increase with herd size,
farmers in this study kept small numbers of animals. It is
possible that farmers chose to have small herds which can
easily be managed as the majority of them practiced mixed
farming (Lyimo et al. 2004). Residual calf suckling was
practiced by most of the farmers, whereby one hindquarter
is left unmilked or partially milked for the calf to suck.
Milking was performed twice daily, morning and evening,
and the calf was allowed to suck for 30–40 min after each
milking. The amount of milk available to the calf was,
therefore, determined by the quantity of milk remaining
after milking. Many farmers rely on the sale of milk to
provide income, and calves could, therefore, be easily
starved since residual milk may be inadequate to meet the
requirement of the calves. The impact of this is shown by
the poor body condition of these calves. However, residual
calf suckling has the advantage of reducing contamination,
the feeding of cold milk to the calf and incidence of mastitis
in the dam (Mdegela et al. 2004).
Farmers provided their calves with poor-quality food,
mainly natural grass, and dry crop residues. The nutritional
value (crude protein, mineral contents, and digestibility) of
these feed stuffs has been found to be lower than of legumes
(Mtengeti et al. 2008). There was scarcity of protein as there
was no farmer who fed protein supplements to the calf
during the study period. The proportion of feed stuffs and
quantities offered was determined by their availability
(Lyimo et al. 2004). The poor calf body condition observed
in the present study could be the impact of this poor
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Trop Anim Health Prod (2010) 42:1669–1676 1673nutrition. However, maize stovers and rice straws can be
utilized more efficiently by offering them to animals along
with urea molasses blocks which have shown good results
(Unal et al. 2005).
BCS showed a linear relationship with body weight for
groups of calves younger than 9 weeks and older than
23 weeks of age but not for calves in the age group between
9 and 23 weeks. This is noteworthy and should be studied
further. Such a relationship may be less pronounced at low
B C Sv a l u e s( B e r r ye ta l .2003). Thus, a closer relationship
may be found between calves receiving their main energy
requirements from milk as opposed to older calves which
needs to rely on roughage of varying quality. After 8 weeks
of age, one would expect the ruminant function to be
established in these calves. The poor quality of the roughage
fed to the calves may have impaired the development of the
rumen in some of the calves. Thus, the relationship between
BCS and live weight may be missing in the 9–23 week age
group because of a high number of malnourished calves.
The sex distribution was skewed in male calves older
than 23 weeks of age, and the BCS of the remaining male
calves were lower than that of the females. It is hypothe-
sized that male calves are more likely to experience
suboptimal feeding and management than female calves
leading to a higher incidence of malnutrition. During the
interview, farmers expressed that the rearing of male calves
was not profitable; therefore, these calves may have been
sold for slaughter at a relatively young age, or even died of
malnutrition, before they could be utilized for human
consumption. The relationship between BCS and body-
weight among older calves in this study may be explained
by the fact that this group is represented by female calves
that are better cared for because of their higher value. Taken
together, it is important to evaluate if feeding, and
management, of male calves needs to be improved for
animal welfare reasons as well as for more profitable
utilization of beef for consumption.
Weaning age was higher than the age often found in
other studies (Kehoe et al. 2007). Probably, this high
weaning age was due to unavailability of good-quality feed.
The earlier that rumen activity is initiated, the earlier the
calf will be able to utilize substantial amounts of feed.
Therefore, late weaning could have an overall negative
effect on calf productivity.
The majority of the calves were kept in free stalls. Free
stalls provide an opportunity for the farmer to feed, clean,
and monitor the calves. However, another study revealed
that calves raised in free stalls had a higher incidence of
diseases than those raised in tie stalls (Gulliksen et al.
2009a). This may be a reason for the high occurrence of
diarrhea reported by the farmers in this study.
In this study, about half of the cow-sheds had poor or
very poor hygiene, with a poor drainage system, flat floors,
and pot holes. Farmers frequently disposed of dung and
waste materials in the vicinity of the animal housing which
often resulted in unhygienic calf-rearing conditions. The
housing hygiene affects calf health, especially for the calves
with low immune status (Wudu et al. 2008). The present
study showed that an increased emphasis should be placed
on this issue by advisory personnel.
The main causes of calf death as perceived by the farmers
were broad, but calf diarrhea was the most frequently
reported cause which agrees with the findings of Gitau et
al. (1994) and Wudu et al. (2008). Helminthosis and diarrhea
were reported by the farmers as the most common disease
conditions in the calves. This is in agreement with other
reports worldwide (Lema et al. 2001;W u d ue ta l .2008).
Poor hygiene in the calf barns and inappropriate use of
anthelmintics, observed during the study may have been
responsible for the high occurrence of these conditions.
Most farmers were using albendazole for helminth
control; which was probably due to its easy availability
and/or low price. Due to its longevity, albendazole has
shown higher degree of resistance to gastrointestinal
nematodes in Tanzania (Keyyu et al. 2002; Chang’a and
Kassuku 2006). Further research is needed to establish if
this is the case in the study areas. The lack of scientifically
based prophylactic anthelmintic treatment was revealed,
which is similar to the findings of Addah et al. (2009).
Most farmers dewormed their animals as frequently as
every 3 months. Studies indicate that the burden of
gastrointestinal nematodes was lowest at the end of the
dry season, increased gradually through the rainy season to
reach a peak at the end of the rainy season (Keyyu et al.
Table 3 Relationship between BCS and body weight by age group in
smallholder dairy farms in Tanzania
Age group R
2 β SE P value Number
0–8 weeks 0.35 0.01 0.002 <0.001 42
9–23 weeks 0.02 0.001 0.001 0.310 44
24–42 weeks 0.19 0.004 0.001 0.004 40
Table 4 Variance components of body condition score in 126 calves
younger than 42 weeks of age, at farm, village, and district level on
129 smallholder dairy farms in Tanzania
Random effect Estimate SE Proportion of total
variance (%)
District 7.30e-09 4.53e-06 0
Village .0050396 .0071783 4
Farm .1290376 .0169308 96
Total 0.13408 100
1674 Trop Anim Health Prod (2010) 42:1669–16762005). Therefore, there is a great potential towards targeted
anthelmintic treatment and, thus, a reduction in the
development of drug resistance.
ECF is also mentioned in this study as a cause of calf
disease and death. In the tropics, the disease has been
recognized to be one of the major constraints in livestock
production (Swai et al. 2009; Kivaria and Noordhuizen
2009). The losses due to ECF can be lowered by intensive
spraying, or dipping, using an effective acaricide (Mugisha
et al. 2005), but use of acaricide was not investigated in this
study. Pneumonia was also perceived by farmers as a cause
of death in calves. Since the herd sizes were small and most
of the barns had good ventilation, this perception is
surprising as most of respiratory diseases associate with
overcrowding and poor ventilation (Gulliksen et al. 2009b).
The farmers in Njombe have a longer tradition of
keeping dairy cows when compared to those in Mvomero.
Nearly all the households surveyed in Njombe practiced a
mixed farming system, whereby crop cultivation, mainly
maize, beans and Irish potatoes, and livestock (cattle,
sheep, and goats) production were predominant. The uses
of such systems are complementary between crop and
livestock enterprises improve farm efficiency through
nutrient cycling. Eighty-five percent of farms contributed
with one animal only, making a differentiation between the
proportions of total variance in BCS due to farm as opposed
to animal level unfeasible. Not unexpectedly, the residual
variance at this level accounted for 96% of total variance.
The proportion of the variance in BCS residing at district
level was found to be negligible. Instead a village effect
became visible, indicating that skills in calf management
differed between villages. Thus, progress could be achieved
by approaches such as education and motivation of farmers
and by improving livestock extension services. The
findings of the present survey verifies that interventions
for increasing calf health and performance should be
focused on farm and animal level and that district differ-
ences were smaller than we had initially expected.
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